ANGIOSPERMS OF THE NORTHERN ROCKY MOUNTAINS:
ALBIAN TO CAMPANIAN (CRETACEOUS)
MEGAFOSSIL FLORAS'
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ABSTRACT

Synchronous first occurrences of pollen and leaves indicate that angiosperms entered the Northern
Rocky Mountain (NRM) region during the Middle Albian, approximately 8 Ma later than such shifts
in floras from southern Laurasia. The earliest angiosperm pollen and leaf flora corresponds to the
Potomac sub-Zone IIB 1n that i1t exhibits a pretricolporate palynoflora and a comparable grade of
evolution based on leaf rank. The Albian megaflora 1s characterized by abundant leaves of the Pla-
tanophyll, Protophyll, and Pentalobaphyll morphotypes. Sapindophylls are common and diverse. The
flora contains early North American occurrences of the widespread Upper Cretaceous leaf form genera
Trochodendroides and Cinnamomoides. Pentalobaphylls (Araliaephylls) appear early and assume a
more important position in the lowland vegetation of the NRM region than 1n other regions. Mag-
nolindae, Hamamelididae, and Rosidae are represented in the Albian flora. The Albian megaflora 1s
a regional variation of a largely cosmopolitan Laurasian flora. Latest Albian and Cenomanian me-
gafloras suggest the development of north—south provincialism within the region. Post-Cenomanian
to Campanian floras show gradual diversification with various Platanaceae and Hamamelidaceae as
numerical dominants. Pinnate palms are present by the early Campanian. Higher-level taxa present
in the region 1n the Early Campanian include Magnohales, Laurales, Chloranthales, Nymphaeales,
Menispermaceae, Trochodendrales, Platanaceae, Hamamelidaceae, Cercidiphyllales, Fagales, Rosidae,

and palmate Dilleniidae.

In 1874 Leo Lesquereux stated:

The plants of the Dakota group, as known mostly
by detached leaves, are stiking by their beauty,
the elegance, the variety of their forms, and their
size . . . 1t suffices to say that, at first sight, they
forcibly recall those of the most admired species
of our time . .. and the evident likeness of their
facies . . . strikes the paleontologist and may lead
him into error . . . for, really, when we enter into
a more detailed analysis of these Cretaceous leaves,
we are by and by forcibly impressed by the
strangeness of the characters . .. which seem at
variance with any of those recognized anywhere
in the floras of our time . ... Hence, this flora
does not leave any satisfaction, any rest, to my
mind.

In this paper I summarize and evaluate the
evidence relevant to the paleoecology and evo-
lution of early angiosperms in the Northern Rocky

Mountain (NRM) region based on the megafloral
record. The refinement of descriptive terminol-
ogy for leaf architecture (Hickey, 1973, 1979:
Dilcher, 1974) and elucidation of the phyloge-
netic significance of leaf morphology (Hickey &
Wolte, 1975), along with the U.S. National
Cleared Leaf Collection and the U.S. Geological
Survey Cleared Leaf Collection, have provided
the framework for the present study.

The rich Cretaceous leaf fossil deposits of the
western interior of North America have long been
recognized for their importance to angiosperm
paleobotany. Early treatments of these floras
(during the late 1800s and early 1900s) mistak-
enly placed many leaf species into Recent genera.
Even investigators who realized their predica-
ment (see Lesquereux quote above) were ham-
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pered in their attempts to interpret these leaves
by the absence of appropriate operational para-
digms. Throughout this report, genera of doubt-
ful occurrence in the Cretaceous are marked with
quotation marks. Where possible I have provid-
ed reappraisals of the affinities of these leaves in
my discussions of Cretaceous leaf morphotypes
and individual floras.

I cover the period of about 30 million years
from the apparent advent of angiosperms during
the Middle Albian to the middle of the Cam-
panian. This includes the latter part of stage one
of angiosperm evolution (Vakhrameyev, 1982),
during which the group became established 1n
restricted areas of a predominantly gymno-
sperm-dominated vegetation; and 1t includes
most of stage two, in which angiosperms radiated
explosively and displaced gymnosperms from
many parts of the world.

The floras reported here come from British
Columbia, Washington, Alberta, Montana, Wy-
oming, and Idaho (Figs. 1, 2).

Coniferous communities were the dominant
form of vegetation in the world, at least through
the Early Cretaceous (Hughes, 1969, 1976; Kras-
silov, 1981; Miller, 1977; Penny, 1969). Lower
Cretaceous conifers from the NRM region are
regarded as belonging to the Taxodiaceae, Ar-

aucariaceae, Podocarpaceae, Pinaceae, and Chei-
rolepidiaceae (Bell, 1956; Miller & LaPasha,

1984:; Singh, 1964, 1971). With the exception of

the Cheirolepidiaceae, which declined during the
Albian, and the addition of the Cupressaceae
which appear to have diversified during the mid-
dle and Late Cretaceous, these groups form the
nucleus for the development in the Late Creta-
ceous of the North Pacific refugium (Vakhra-

meyev, 1982). Compressions and impressions of

foliage and cones of Taxodiaceae, Cupressaceae,
and Araucariaceae occur abundantly 1n coarser
sediments throughout the region 1in the Upper
Cretaceous (Berry, 1929a; Knowlton, 1905J5).
Ginkgophytes decrease in the region during the
Albian, the latest flora in which they form an
important component being the Lower Blair-
more (Dawson, 1886; Bell, 1956), although fo-
liage 1s reported from the Cenomanian Dunve-
gan Formation in northern Alberta (Bell, 1963),
and Salisburia (cf. Ginkgo) seeds are reported as
late as the Campanian Belly River flora (Dawson,
|886). The Ginkgophyte decline 1s delayed 1in the
extreme northern latitudes. Although northslope
Alaskan floras exhibit a notable decline 1n the
Late Albian (Scott & Smiley, 1979), the group
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remains important at least into the early Se-
nonian in the Atane beds of Greenland (Seward
& Conway, 1935), and into the Campanian 1n
the Chignik Formation of central Alaska (Hollick
& Martin, 1930). Ginkgo persists into the Paleo-
gene 1n the Ft. Union Formation of Montana
and the Willwood Formation of Wyoming (pers.
0bs.).

Fern communities of the Recent families Glei-
cheniaceae, Schizaeaceae, Dicksoniaceae, and
Osmundaceae, and the extinct family Temp-
skyaceae occur abundantly in certain facies, a
characteristic feature of the middle Cretaceous
that Krassilov (1981) interpreted as evidence for
extensive fern marshes. Pteridophytic commu-
nities colonized the widespread upper Albian and
Cenomanian volcanic ash flats, occasionally being
preserved in situ as in the Albino Member of the
Mowry Shale in southwestern Montana (Crab-
tree, 1983: Vuke, 1982). Ferns such as Glei-
chenia, Anemia, Sphenopteris, Cladophlebis,
Tempskya, Coniopteris, and Onychiopsis (but see
Skog, 1985) are found throughout the region 1n
the Albian and Cenomanian (Andrews, 1948;
Andrews & Kern, 1947; Andrews & Pearsall,
1941: Ash & Read, 1976; Bell, 1956; Knowlton,
1917; Read & Brown, 1937; Seward, 1924). Post-
Cenomanian floras show a decreasing represen-
tation of these genera, concomitant with increas-
ing Polypodiaceae s.1. (pers. obs.).

Cycadophytes such as Nilssonia, Zamites,
Pseudoctenis, Ctenis, and Otozamites decline
rapidly after the Aptian. However, certain species
persist in the Cenomanian Dunvegan flora (Bell,

1963) and the Turonian upper Frontier flora
(Berry, 1929d), and Zamites albertensis Berry 1s
abundant in the Campanian Allison flora of Al-
berta (Berry, 1929a). Cycadophytes also persist
in the Late Cretaceous of Alaska (J. Wolfe, pers.
comm.).

Sagenopteris, foliage of pteridosperms of the
Caytoniales, 1s abundant during the Aptian and
early Albian 1n the region (Bell, 1956; LaPasha
& Miller, 1985) but 1s only rarely reported from
the later Albian or from the Upper Cretaceous
(see Winthrop flora 1n this report).

The relative abundance of major plant groups,
and the entry of angiosperms into the region dur-
ing the Middle and Upper Albian, can be seen
in the histograms depicting the changing com-
position of the flora during the Middle and Up-
per Albian (Fig. 3). One histogram (Fig. 3A) 1s
based on published megafossil floras and my own
observations of unpublished floras. The other
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FiGURE 1. Geographic locations of plant megafossil collections in the northern Rocky Mountain region.
Collection sites are numbered in alphabetical sequence. Names of sites appear in Figure 2. Appendix I contains
additional information on locations.

(Fig. 3B) is based on published palynofloras. Per- were summed and a percentage calculated for
centages shown in the histograms were calculated each chronostratigraphic subdivision of the Al-
by counting species of each major plant group bian. Megafossil floras show a bias towards pres-
within individual floras. These raw count totals ervation of vegetation adjacent to the deposi-
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6c BOULDER CREEK
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EAGLE
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. JACKASS MOUNTAIN
13 JUDITH RIVER -
OLDMAN
14 KINGSVALE
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16 MILL CREEK
17 PASAYTEN
18 PRE-MUDDY
19 SUMMIT
20 SUN RIVER
21 TWO MEDICINE
22 WAYAN
23 WINTHROP
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Chronostratigraphic positions of plant megafossil collections in the northern Rocky Mountain

region. Stage boundary dates according to Harland et al. (1982). Ages are in million years. Potomac Zones from

Hickey & Doyle (1977). Stratigraphic placement of collections i1s based on my interpretation of the literature.
Substage boundaries are based on my interpretation of western North American chronostratigraphy. Collections

of uncertain age are indicated with question marks (see text and Appendix I for discussion).

tionalenvironment;thus Figure 3A approximates
the components of the lowland vegetation. Pal-
ynofloras used in Figure 3B were recovered most-
ly from marine and marginal marine environ-
ments, and thus more closely reflect the regional
flora. From Figure 3A 1t 1s apparent that dra-
matic changes occurred 1n the lowland flora dur-
ing the Middle and Upper Albian. In these en-
vironments angiosperms increased at the expense
of ferns. Because this trend 1s not evident in Fig-
ure 3B, 1t 1s apparent that this early angiosperm
radiation had 1ts greatest impact on lowland
vegetation.

PALEOGEOGRAPHIC AND GEOLOGIC SETTING

The northern Rocky Mountain region during
most of the Cretaceous occupied a strip of land
some several hundred kilometers wide, situated
between the Pacific geosyncline/island arc to the
west and the mid-continent epeiric sea to the east
(McGookeyetal., 1972; Williams & Stelck, 1975).
Paleolatitudes may have varied up to ten degrees
from the present range of 41°N 1n southern Wy-
oming to 60°N 1n northern Alberta and British
Colombia. The paleocontinent positions of Smith
¢t al. (1981) indicate that northern Alberta has
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rotated 8-10° to the south since the Cretaceous,
and southern parts of the region are presently
approximately 2-5° farther south.

The first major expansion of the Cretaceous
epeilric sea began 1n the Late Aptian and contin-
ued into the Albian, attaining its maximum ex-
tent 1in the late Middle Albian when i1t reached

unbroken from the Arctic Ocean to the Gulf of

Mexico (McGookey et al., 1972; Vuke, 1984;
Williams & Stelck, 1975). The fluctuations of the
sea initiated a famous series of transgressive-—
regressive clastic cycles of deposition that con-
tinued until the end of the Cretaceous (Waage,
1975). Geological formations in the region tend
to parallel the north—-south trending western
shoreline of the seaway. Cretaceous sediments
accumulated 1n terrestrial and marine environ-
ments to great thicknesses: up to 3,500 m in
southwest Wyoming (Rubey et al., 1975) and
2,134 m 1in northwest Montana (Rice & Cobban,
1977). The source areas 1in present British Co-
lumbia, western Alberta, Idaho, Washington,
Oregon, western Montana, and western Wyo-

ming are inferred to have had considerable relief
in order to account for the great thickness of

accumulated sediments. Orogenic activity in the
region was of long duration beginning in the Late

Jurassic and Early Cretaceous with the uplift of

the Nevadan Orogeny. The main thrusting of the
Sevier Orogeny occurred throughout the Creta-
ceous, and the uplift of the Laramide Orogeny

took place during and subsequent to the Cam-
panian (Gilluly, 1963; Nichols et al., 198)5).

PALEOCLIMATE

Generalized interpretations of paleoclimate,
which include the North American Cretaceous,
have been published by Frakes (1979), Habicht
(1979), Lamb (1977), Schwarzbach (1974), and
Vakhrameyev (1978). They recognized a general
humidification in Laurasian climate from the Ju-
rassic into the Cretaceous. This can be correlated
with the widespread inundation of continental
crust, a worldwide phenomenon 1n the Creta-
ceous, and the opening of the Atlantic Ocean.

Assessment of precipitation patterns and

amounts during the Cretaceous in the NRM re-
gion 1s difficult with our present knowledge. Par-
rish et al. (1982) mapped the Cretaceous precip-
itation in the region as low to moderately low
largely on account of the presumed orographic
effect of the Rocky Mountains. However, they
noted that the presence of important high lati-
tude coals 1n the region, especially in the Late
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Cretaceous, may argue for heavy seasonal pre-
cipitation, perhaps a monsoonal eflect.
Growth rings 1n fossil wood can be used to

assess environmental influences on plant de-

velopment (Creber, 1977; Creber & Chaloner,
1984, 1985; Fritts, 1976). Presence and degree
of development of latewood and growth rings is
generally correlated with available moisture.
However, there are many examples of growth
rings in trees living in regions of high rainfall.
For instance, Agathis from Fij1, where annual
rainfall 1s 2,000-6,000 mm, have well-developed
growth rings (Ash, 1985). Nonetheless, I know
of no exception to the formation of growth rings
in the wood of trees growing 1n seasonal climates,
and conversely, the absence of growth rings al-
ways indicates a nonseasonal climate (except per-
haps in certain warm-climate swamp commu-
nities).

I examined 27 specimens of six species of co-
niferous woods from the Late Albian Vaughn
Member of the Blackleaf Formation in northwest
Montana in thin section for the presence and
configuration of growth rings. Transverse sec-
tions could be grouped into three broad cate-

gories:

Category A. Woods exhibiting no growth rings.
Category B. Woods exhibiting broad (3—-5 mm)
and consistent growth rings with
considerable latewood.

Woods exhibiting rings of variable
width, including broad rings (up to
5 mm), pseudorings, and consid-
erable latewood.

Category C.

The Vaughn Member has been interpreted as
a deltaic swamp deposit (Cannon, 1966) and was
situated at about 55°N paleolatitude (Couillard

& Irving, 1975). Cold-seasonality did not exist
during the Albian at this paleolatitude. Season-
ality as the result of low light during winter
months may be a factor at 50°N, although I know
of no literature on the subject. Broad-leaved ev-
ergreen forests are known to have extended to

65°N during the Cretaceous (Wolfe & Upchurch,
1986). Incomplete seasonal leaf-drop, formation

of latewood, and cambial quiescence might well
be associated with the northern extensions of this
forest. Among several possible explanations for
the mixed assemblage of woods, the following i1s
suggested as the most plausible: the trees were
growling 1n a warm, seasonally dry climate, with
some species (Category A) living 1n areas of year-
round groundwater. The pronounced develop-
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FiIGURE 3. Relative abundance of major plant groups during the Albian of the northern Rocky Mountain
region. Ages are in million years before present. A. Percentage occurrence of major plant groups based on
megafossils. Occurrences of species for each plant group were tabulated for individual floras. These counts were
then summed and a percentage calculated for each time interval as listed below. Total species counted for each
interval are indicated in parentheses. Aptian and Lower Albian (119): Kootena1 (Miller & LaPasha, 1984,
[LaPasha & Miller, 1985); Bullhead, Gething, and Luscar (Bell, 1956). Lower Middle Albian (150): Beaver Mines
(Berry, 1929b; Bell, 1956; Mellon, 1967); Lower Gates Member (Stott, 1963). Middle Middle Albian (130):
Upper Gates Member (Mellon et al., 1963); Pasayten (Penhallow, 1907; Bell, 1956); Kingsvale and Jackass
Mountain (Bell, 1956); Fall River and Pre-Muddy (pers. obs.); Boulder Creek (Bell, 1956; Stott, 1963). Upper
Middle Albian (150): Mill Creek (Dawson, 1886; Berry, 1929¢; Bell, 1956; Mellon, 1967). Lower Upper Albian
(89): Crowsnest (Bell, 1956; Mellon, 1967); Summit, Sun River, and Black Eagle (pers. obs.). B. Percentage oc-
currence of major plant groups based on microfossils. Percentages calculated as above. Assignment of spores
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ment of latewood in Categories B and C suggests
seasonality 1n precipitation. An alternative ex-
planation i1s that low light availability in winter
induced latewood formation 1n some species but
not others.

Late Albian or Cenomanian woods of Cu-
pressinoxylon sp. (Andrews & Kern, 1947) and
Paraphvllanthroxylon idahoense Spackman
(1948) from the Wayan Formation in south-
eastern Idaho have no prominent growth rings
and can be seen as evidence for equable year-
round temperatures. These woods suggest either
the absence of seasonality in precipitation or that
the trees grew 1n swampy or other well-watered
habitats.

Later in the Cretaceous there 1s further evi-
dence for seasonal or low precipitation in the
region, possibly related to the mountain building
of the Laramide Orogeny. The Campanian Two
Medicine Formation 1n northwestern Montana
includes caliches, desiccated carbonate nodules,
and sandstone bodies of episodic rivers that in-
dicate a seasonal wet—dry climate, with the dry

season longer (Lorenz, 1981). The abundance of

large (mesophyll and megaphyll size), apparently
deciduous leaves in the Two Medicine flora sup-
ports such a climatic seasonality, although the
leaves can be interpreted alternatively as indic-
ative of successional communities. Low or sea-
sonal precipitation is further indicated by a sub-

stantial notophyllous evergreen component of

coriaceous leaves typically without drip tips. Co-
niferous woods from the lower Two Medicine
exhibit pronounced growth rings of highly vari-

able thickness (Crabtree, pers. obs).
Oxygen 1sotope ratios are used most accurately

to estimate maximum paleotemperature and to
establish temperature trends of ocean waters
(Frakes, 1979). Oceanic temperatures can be used
to estimate temperatures on nearby land masses.
Since the NRM region during much of the Cre-
taceous was a relatively narrow land mass po-
sitioned between the Pacific Ocean on the west
and the epeiric seaway on the east, 1t 1s likely
that oceanic temperatures are significant for ap-
proximation of the land temperatures.

[sotopic ratios from the continental platform
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off the Soviet Union (Douglas & Savin, 1975)
indicate a Cretaceous temperature maximum 1n
the Albian, followed by cooling 1n the Late Al-
bian and Cenomanian. Subsequently, a rewarm-
ing occurred in the early Senonian before a Maas-
trichtian cooling (but see also Boersma, 1984).
The Albian maximum 1s probably the warmest
period that the world has experienced since Pa-
leozoic time (Frakes, 1979). Latitudinal gradi-
ents 1n surface water temperatures were less steep
during the Cretaceous, and the average temper-
atures of deep water appear to have been signif-
icantly higher than at present (Schopf, 1980). Mid
and Late Jurassic oxygen isotope ratios from
Montana and Wyoming indicate that the surface
water had a maximum of 20°C (Donn & Shaw,
1977). Polar ice was unknown during the Cre-
taceous, and Frakes (1979) hypothesized that
north polar surface water was no cooler than 7-
19°C and may have been at the high end of this
range based on isotopic paleotemperatures of
about 15°C for putative North Pacific Deep Water
from the equatorial Pacific (Stevens, 1971). A
computerized model of surface water tempera-
tures for an ice-free Arctic predicts a temperature
increase of 7-10°C over the present 0-5°C tem-
perature range (Sellers, 1969).

Hermatypic coral reefs occur in tropical and
subtropical oceans. Because modern reefs form
only when minimum water temperatures exceed
1 8°C, their fossil distribution can be used to es-
timate minimum oceanic paleotemperatures. The
Mesozoic distributions of reefs (Newell, 1971;
Beauvais, 1973) indicate that oceanic currents 1n
temperate latitudes were significantly warmer
than at present. A reef from the Jurassic of Wy-
oming (Beauvais, 1973) indicates that they
formed as far north as SO°N paleolatitude, but
there 1s doubt that the Wyoming reef 1s herma-
typic (G. Stanley, pers. comm.). Nonetheless,
bona fide hermatypic reefs are present during the
Jurassic and Cretaceous at latitudes 10-20° north
of their present distribution.

Several papers discuss paleofloristic climatic
zonation during the Cretaceous based on the

composition of eastern Asian megafloras (Kras-
silov, 1973a, 1975, 1978) and microfloras

y a—

and pollen to major plant groups follows the interpretations of Singh (1971) and Norris (1967). Numbers 1n
parentheses after age below indicate total number of species counted for that interval. Lower Albian and lower
Middle Albian (179): McMurray-Clearwater (Vagvolgyi & Hills, 1969); Loon River (Singh, 1971). Middle Middle
Albian (206): Harmon (Singh, 1971); Upper Grand Rapids (Norris, 1967). Upper Middle Albian (200): Cadotte
(Singh. 1971); Joli Fou (Norris, 1967). Lower Upper Albian (184): Paddy (Singh, 1971); Viking (Norris, 1967).
Upper Upper Albian (213): Shaftsbury (Singh, 1971); Upper shale (Norris, 1967).
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FIGURE 4. Cretaceous dicotyledonous leal morphotypes. Sources of previously published drawings are in-
dicated. SAPINDOPHYLL: —A. cf. *"Ficus™ beckwithii Lesquereux (Crabtree), Dakota Formation, Golden, Colorado
(Peabody Museum Paleobotanical Collection no. 5849).—B. Sapindopsis magnifolia Fontaine, Patapsco For-
mation, Virgima (hg. 17 in Doyle & Hickey, 1976).—C. Generalized leaflet. PENTALOBAPHYLL: —A. Araliae-
phyllum obtusilobum Fontaine, Patapsco Formation, Virginia (pl. 164, fig. 3 in Fontaine, 1889).—B. Araliae-
phyllum westonii (Dawson) Bell. —C. Araliaephyllum rotundata Dawson. PLATANOPHYLL:—A. Araliopsoides
breviloba Berry, Raritan Formation, Maryland (pl. 86, fig. 2 in Berry, 1916).—B. ““Aralia” saportanea Lesquereux,
Dakota Formation, Kansas (pl. 9, fig. 2 1n Lesquereux, 1883). PROTOPHYLL: Generalized leaf. TROCHODENDROPHYLL:
Generalized leaf. MENISPERMAPHYLL: Menispermites obtusilobus Lesquereux, Dakota Formation, Kansas (pl. 15,
fig. 4 in Lesquereux, 1883). NYMPHAEAPHYLL: ““Cocculus’ haydenianus Ward, Fort Union Formation, Montana
(pl. 59, fig. 2 1n Ward, 1885). CINNAMOMOPHYLL: —A. “Cinnamomum’ sezannense Watelet, Dakota Formation,
Kansas (pl. 12, figs. 6, 7 in Lesquereux, 1892).—B. Generalized leaf. cORNOPHYLL: *“Cornus™ forchhammeri

Heer, Raritan Formation, Maryland (pl. 82, fig. | in Berry, 1916). RHAMNOPHYLL: —A. “Cinnamomum”’ inter-
medium Newberry (pl. 29, fig. 7 in Hollick, 1906). —B. Generalized leaf.

(Chlonova, 1980). Krassilov’s papers propose
four intuitively based, latitudinal climatic zones:
boreal, temperate, warm-temperate, and sub-
tropical. Relative to these zones, the NRM re-
gion 1s closest to the warm-temperate zone based
primarily on the presence in the Albian and Cen-
omanian of several thermophilous ferns and
temperate Nilssonia, and in the Campanian by
the presence of palms and large-leaved deciduous
dicots. A position 1n the warm-temperate zone
1s consistent with Campanian floras in Sakhalin,
Amur, Altal, western Greenland, and Vancouver
[sland (Krassilov, 1981). Vakhrameyev (1978)
placed the NRM region straddling the boundary
between his temperate-warm and subtropical hu-
mid zones for the Early Cretaceous. This place-

ment 1s based on the presence of Tempskya and
C'veadeoidea in Montana and South Dakota. The
boundary shifts approximately 100 km to the
north 1in his Late Cretaceous reconstruction,
placing i1t just north of the present 49th parallel
(about 55°N paleolatitude). The Late Cretaceous
temperate-warm humid zone 1s based on the oc-
currence of Nilssonia and Pseudoprotophyllum,
and the subtropical humid zone 1s based on palms
and Dewalquea.

Smiley (1967), basing his arguments primarily
on North American high-latitude floras, indi-
cated that the climate gradually warmed from
the Jurassic into the Albian, after which a general
cooling occurred through the Late Cretaceous (at
the same time as Alaska was rotating to the south).
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Scott & Smiley (1979) reported on the micro-
and megafossil flora from the north slope of Alas-
ka. Their treatment indicates that northern floras
remain predominantly gymnospermous-pteri-
dophytic until the end of the Late Albian, that
they do not exhibit Classopollis pollen in any
significant quantity (but see Herngreen & Chlo-
nova, 1981), and that they are allied to more

southerly Albian floras by abundant spores of

Gleicheniaceae and Schizaeaceae. Vakhrameyev
(1982) recognized the Early Cretaceous as a time
of increasing aridity followed by “humidification
and some cooling’ by the Albian. Cooling was
not extreme, however, as the presence of frost-
sensitive ferns throughout the Lower Cretaceous
at high latitudes indicates, and did not continue,
since palms 1n the Senonian indicate a generally
equable year-round temperature. Krassilov
(1973a, 1975, 1981) stated that Late Cretaceous
climates 1in Asia warm 1nto the Campanian and
subsequently cool through the end of the Cre-
taceous.

THE EARLY ANGIOSPERM FLORA

Hickey & Wolfe’s (1975) synthesis of the sys-
tematic implications of leaf morphology among
extant dicots enables paleobotanists to assess the
relationship of fossil taxa by extrapolation. Kras-

silov (1977) and Hickey (1984) used a series of

informal descriptive names for early angiosperm
leaf fossils that attempt to unify fossil species
with similar morphology. Such leaf morphotypes
are especially approprniate for Early Cretaceous
dicot leaves that have been placed mistakenly 1n
extant genera. Morphotypes are best viewed as

serving as a descriptive terminology in lieu of

revision.

Most important morphotypes from western
North American mid-Cretaceous floras are 1l-
lustrated in Figure 4 (see also Hickey, 1984). The
drawings are based in some cases on individual

taxa and in others on an i1dealized composite of

several different taxa (see figure legend). In all
cases the drawings represent the general form or
range of forms present 1in the morphotype. Table
] lists the morphotypes along with the genera
that have been used 1n the past for species be-
longing to each. Extant genera, such as Populus,
which has been mistakenly regarded as embrac-
ing a large number of disparate fossil taxa, may
be listed under more than one morphotype. Ex-
tant genera cannot be demonstrated from the
mid Cretaceous, with rare exceptions (Doyle,
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1969;: Walker & Walker, 1984). Extinct genera
for which the type species 1s of Cretaceous age
are included under the appropriate morphotype
according to the type description. Fossil genera
for which the type 1s younger than Late Creta-
ceous have not been considered for inclusion,
reflecting the intended focus on early angio-
sperms. Thus, Laurophyllum Saporta 1s named
from Tertiary maternal; hence, I consider 1t 1n-
appropriate as a generic placement for Early Cre-
taceous angiosperms. Morphotypes, since they
are not formal taxonomic classifications, have
no types.

I have chosen to discuss the early angiosperm
flora of the NRM region using the leaf morpho-
types as a descriptive base. For each morphotype
[ provide a brief description using the leaf ar-
chitectural terminology of Hickey (1979). In ad-
dition, I provide particulars relevant to the dis-
tribution in time and space for each morphotype
along with observations on relative abundance
and diversity. Possible relationships for each
morphotype are discussed individually and sum-
marized in Table 1.

The occurrence and distribution of early an-
giosperms in the NRM region 1s presented 1n
Table 2, which encompasses the first five million
years of angiosperm history in the region. Where
possible, species are grouped according to mor-
photype. All Albian and major floras from the
region are included, in addition to several pre-
viously unreported collections. Names of taxa
appear as originally published except for floras
examined by myself, for which I have provided
identifications. Ages and locations of floras ap-
pear in Figures 1 and 2 and in Appendix 1.

Pentalobaphyll (Araliaephyll). Leaves sim-
ple, orbicular, 3—-5-lobed. Margin entire. Base +
cuneate. Primary venation palinactinodromous,
with 3 primary veins diverging from above top
of petiole, and 2 subprimary veins branching from
lateral primaries just above base. Secondary ve-
nation eucamptodromous, rather weakly devel-
oped. Tertiary venation reticulate to transverse,
AR to AO. Higher order venation and cuticle

not observed.

This very distinctive group 1s first recognized
in the region during the Middle Albian. Penta-
lobaphylls are lobate leaves with five principal
veins, the two outermost of which originate as
suprabasal branches from the lateral primary
veins (Fig. 4). Araliaephyllum obtusilobum Fon-
taine 1s included in this group on the basis of the
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TABLE 1.

Morphotypes
Sapindophyll

Pentalobaphyll

Platanophyll

Protophyll

Trochodendrophyll

Menispermaphyll

Nymphaeaphyll

Magnohaephyll

Cinnamomophyll

Cornophyll

Rhamnophyll

ANNALS OF THE MISSOURI BOTANICAL GARDEN

Important genera'-’

Fontainea Newberry, Sapindopsis Fontaine, ““Androm-
eda,” ‘‘Diospyros,” “Ficus,” *“*Laurus,” “*Rhus,”
“Salix,” “*Sapindus,” **Staphylea”

Araliaephyllum Fontaine, Sterculites Dawson, “‘Ara-

% s

lia,”” *‘Hedera,” *Liquidambar,” **Sassafras,” *‘Ster-

culia”

“Araliopsis,” Araliopsoides Berry, Aspidophyllum Les-
quereux, Platanophyllum Fontaine, Pseudoaspido-
phyllum Hollick, “*Aralia,” **Platanus,” **Sassafras”

Cissites Debey, Credneria Zenker, Paracredneria
Richter, Protophyllum Lesquereux, Pseudoproto-
phyllum Hollick, Viburnites Lesquereux, “Alnus,”
“Betula,” **Cissus,” **Parrotia,” *‘Platanus,” ** Popu-
lus,” “Tilia”

T'rochodendroides Berry, “*Cercidiphyllum,” **Coccu-
lus,” “Grewia,” “*Paliurus,” **Populus,” “Smilax,”
“Zizyphus”

Menispermites Lesquereux, ““Ampelopsis,” “*Cissam-
pelopsis,” **Cocculus,” **Hedera”

Castaliites Hollick, Hederaephyllum Fontaine, Nelum-
bites Berry, Paleonuphar Hollick, Populophyllum
Fontaine, Proteaephyllum Fontaine, **Castalia,”
“Hedera”

Liriodendropsis Newberry, Liriophyllum Lesquereux,
Magnoliaephyllum (Krasser) Seward, **Bauhinia,”
“Ficus,” “*Laurus,” **Lirtodendron,” **Magnolia,”
“Persea,” **Sassafras”

Cinnamomoides Seward, *“*Benzoin,” *“*Cinnamo-
mum,”” **Cocculus,” ““Litsea,” *“‘Oreodaphne,” **Pal-
iurus,” “*Zizyphus”

Cornophyllum Newberry, ““Andromeda,” **Cornus,”
“Diospyros,” ““Ficus” ‘“*Rhamnus”

Macclintockia Heer, “Cinnamomum,” *‘Ficus,”’ **Pal-
iurus,” “*Piper,” ““Rhamnus,” “*Smilax,” “*Zizy-
phus”

b I B S " %

Y

— _

' See text for criteria used for inclusion of genera.
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Botanical affinity and important genera for Cretaceous leaf morphotypes.

Botanical affinity

Rosidae

Unknown; possibly Rosidae
or Magnoliidae (Laurales)

Hamamelididae-Platanales

Polyphyletic within Hamamel-
ididae — probably Platanales
and Hamamelidales

Trochodendrales and Crecidi-
phyllales

Unknown; possibly Ranuncu-
Indae
Magnoliid-Nymphaeales

Polyphyletic; some Magnoli-
1dae, possibly Laurales,
Magnoliales.

Polyphyletic; some probably
Laurales

Polyphyletic; some possibly
Rosidae

Polyphyletic; some possibly
palmate Dillennidae

> Quotation marks indicate extant genera mistakenly identified in the Cretaceous flora.

characteristic venation, although this and several
other species may have three-lobed leaves. Doyle
& Hickey (1976) include this species in their Plat-
anoid line, based primarily on the palinactino-
dromous primary venation. The palmate lobing
and palinactinodromous venation of the Penta-
lobaphylls 1s here considered to be 1nsufhicient
evidence to establish relationship with the Plat-
anoild line when viewed along with the balance
of leaf-morphological characters. Pentaloba-
phylls show leaf-morphological characters, 1n-
cluding entire margins, eucamptodromous sec-
ondary venation, and weak tertiary venation,
which serve to distinguish the group from Plat-
anophylls. The tendency towards orthogonal

branching of tertiary and quaternary veins so
characteristic of Platanophylls 1s absent 1n Pen-
talobaphylls.

Certain palmate leaves from the Albian flora
cannot be accommodated under either the Pen-
talobaphyll or Platanophyll morphotype. These
include *“Liquidambar” fontanella Brown, with
glandular-toothed margins, and *“‘Sassafras”
bradleyi Brown, which has smooth margins but
lacks the suprabasal lateral branches character-
1stic of Pentalobaphylls.

Fritel (1914) recognized seven species of Pen-
talobaphylls that were widespread throughout the
Laurasian landmass during the Late Albian and
Cenomanian. He characterized the group based
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primarily on the three basal primary veins, the
lateral two of which give off prominent lateral
veins just above the point of radius, and on the
camptodromous secondary venation. However,
he included forms exhibiting serrate margins,
craspedodromy, and orthogonal reticulate higher
order venation such as “Aralia’ saportanea Les-
quereux, which I assign to the Platanophylls.

Pentalobaphylls are perhaps the most abun-
dant dicots from Albian floras of the NRM re-
gion. Albian Pentalobaphylls from Wyoming (Fig.
5), Montana (Fig. 6), and Alberta (Figs. 7-9) are
representative of the group. Fritel (1914) placed
the Alberta species Araliaephyllum westonii
(Dawson) Bell and *““Aralia” rotundata Dawson
into synonymy with Araliaephyllum kowalews-
kiana (Saporta & Marion) Fritel from Europe. A
more thorough treatment of the group 1s needed
before such conclusions are substantiated. Cu-
ticular detail for the group 1s unknown with the
exception of the Senonian Araliaephyllum po-
levoi (Krystofovich) Krassilov (1973b) from the
eastern Soviet Union, for which a similarity to
Sassafras and Lindera is suggested. G. Upchurch
(pers. comm.) has suggested a lauralean afhnity
for leaves of the 4. polevoi group based on cu-
ticular detail, sinus bracing, mesophyll secretory
glands, and possible basilaminar secondary veins.
The secondary and tertiary venation (Figs. 4, 8)
in this group suggests rosid afhinity.

Platanophyll. Leaves simple. Margins entire
or serrate, lobed or unlobed. Primary veins usu-
ally 3, palinactinodromous with several pectinal
secondaries on laterals. Secondary veins straight,
forking or exmedially branched, craspedodro-
mous to teeth, brochidodromous if margin en-
tire. Tertiaries and quaternaries forming an or-
thogonal network. Teeth platanoid, glandular
processes often nipple-shaped. Cuticular struc-
ture in Upchurch (1984b), Krassilov (1973b),
Kvacek (1983), Buzek et al. (1967), Némejc &
Kvacek (197)5).

Members of this widespread Laurasian mor-
photype date from the Middle Albian 1n North
America. The earliest occurrence from the NRM
region 1s ““Platanus™ sp. (Fig. 10) from the upper
Middle Albian of Alberta (Bell, 1956). Plata-
nophylls of Middle and Late Albian age occur 1n
several floras from the NRM region (Table 2). A
particularly rich assemblage of Platanophylls oc-
curs in the Late Albian Blackleaf Formation in
Montana (Figs. 1 1-14). Several poorly preserved
specimens representing the group are reported
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from the Middle and Upper Albian of Alberta
(Bell, 1956). As in the Albian flora of Alaska
(Hollick & Martin, 1930) and eastern North
America (Doyle & Hickey, 1976), the group 1s
most frequently encountered in coarse fluvial
sediments.

Araliopsoides cretacea (Lesquereux) Berry 1s
an early member of this complex and 1s reported
from the Late Albian in the Patapsco Formation
in eastern North America (Hickey & Doyle,
1977). Araliopsoides cretacea is also reported from
the Cenomanian of Texas (Berry, 1922b), Kansas
(Lesquereux, 1874), and eastern North America
(Berry, 1916; Hickey & Doyle, 1977). In the NRM
region A. cf. cretacea 1s known from the Late
Albian Summit locality in the Blackleaf For-
mation (Table 2, Fig. 14).

Platanophylls are typically more abundant in
higher latitude floras (above approximately pa-
leolatitude 45°N), and the group may appear 1n
the NRM region before eastern North America.
Little debate exists over the platanoid affinities
of Platanophylls, but the precise timing of the
origin of the Recent order and family remains
unresolved. Recent Platanus is reported as being
of Senonian age on the basis of pollen mor-
phology (Pa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>